The present study evaluates the effect of mothers lactation age and storage on the antibacterial potency of breast milk against common pathogens (E.coli, S.aureus and coagulase negative staphylococci) affecting newborns and toddlers. Breast milk expressed at four months and twelve months post-partum was subjected to antibacterial assay by agar well diffusion against the above bacterial isolates in comparison to cow milk. Also, breast milk stored at 4°C was evaluated for its antibacterial effect to study the effect of storage. Results indicated that human breast milk was far more superior in its anti-bacterial effect seen (in terms of zone diameter) than cow milk against all the five strains tested. Also, early post partum milk (four months post-partum) was significantly superior (in terms of zone size) than twelve months post partum milk. Storage studies showed that breast milk retained its activity upto 24 hours of storage at 4°C against the five test strains.The present study indicates that even late lactation milk has enough anti-bacterial properties to protect babies beyond one year and toddlers as well thus promoting the concept of continued breast feeding for one year and beyond. Further, study highlighted that lactating mother can pump the milk and refrigerate it for later consumption without compromising on the antibacterial potency of their milk for upto 24 hours.
Breast milk is a complete nourishment and medicinal shield for the newborn. Its multiple benefits have been known since ages. They include strengthening baby's immune system, anti-inflammatory activity, lowering risk of allergies, chronic diseases, mental ailments etc. [1] [2] [3] Human milk contains cellular and hormonal factors that serve to protect infants against numerous bacteria, viruses, and fungi. [4] Human breast milk exhibits antibacterial effect due to the presence of antimicrobial peptides (AMP) in it. It contains comparatively higher levels of AMP than those present in formula feed or cow milk. [5, 6] Antimicrobial peptides present in breast milk include lactoferrin, alpha defensins beta defensin, lysozyme, lacto-peroxidase. All these factors in breast milk significantly lower the incidence of number of bacterial infections in babies such as ear infections, respiratory illnesses, and bouts of diarrhea. [7, 8] According to numerous reports, infants who breastfed appear to be less susceptible to certain infection than bottle-fed infants [9] . A number of health organizations -including the American Academy of Paediatrics (AAP), the American Medical Association (AMA), and the World Health Organization (WHO) -recommend breastfeeding as the best choice for babies.
The evaluation of antibacterial effect of breast milk has been investigated by past workers [10] [11] [12] which clearly shows its useful potential against bacterial infections. However, not much work has been focussed into studying the effect of mother's lactation age and storage of expressed milk on the antibacterial effect against the common neonatal pathogens. This is essential to know as working mothers store their expressed milk for their babies for later consumption. The present study gives an insight into 1) Antibacterial effect of human breast milk against common neonatal pathogens such as E.coli, Staphylococcus aureus, Coagulase negative staphylococci (CoNS) 2) Effect of age of lactation on antibacterial efficacy and 3) Effect of storage of expressed milk on its antibacterial efficacy.
MATERIAL AND METHODS

Isolation of CoNS and S. aureus from nasal and skin swabs
Skin swabs and nasal swabs from n=12 healthy volunteers were taken. Four swabs were pooled with three sets each for skin swab and nasal swab in nutrient broth tubes. These swabs were streaked on nutrient agar plates and incubated at 37°C for 24 hours. Colonies so obtained on nutrient agar plates were further identified on the basis of a) Microscopic analysis: Gram reaction and morphology b) Colony morphology c) Catalase reaction d) Coagulase test e) Mannitol fermentation and growth on selective medium i.e Mannitol salt agar (MSA).Strains isolated were later stored as slants at 4°C till further use.
E.coli strain used in the present study was an already characterized strain present in the laboratory. Its identification was again performed on the basis of Gram reaction, motility, IMViC, lactose fermentation, gas production and growth on Endo agar with metallic sheen.
Milk Sample
Human milk was donated by six lactating mothers (one included the corresponding author itself) with no clinical evidence of infection or inflammation and who had not taken any antibiotics previously by manual expression. Out of the six, three (N=3) healthy mothers were of lactation age of four months post-partum. Similarly, the rest three (N=3) healthy mothers were of lactation age of 12 months post-partum. Informed consent and oral consent was obtained from the mothers of infants for their participation in the study.
Evaluation of anti-bacterial efficacy of human breast milk using agar well diffusion assay
The antibacterial efficacy of breast milk was evaluated using the agar well diffusion assay as per the method of CLSI. [13] Sample was collected by first cleaning the nipple area with clean wet tissue paper followed by disinfection using 70% alcohol. Three samples (n=3) from three different mothers (4 month post-partum; referred as BM-4) were collected aseptically by self expression in sterile vials and labeled. The samples were stored at 4°C till further use.
Overnight cultures of E.coli, S.aureus S1 and S.aureus S2 and CoNS-S3, CoNS-S4 were used. Optical density (O.D) of the cultures were adjusted to 0.1 at 600 nm that corresponds to 10 8 CFU/ml. The cultures were spread plated followed by boring of wells. Wells were marked as RM (raw milk), BM (breast milk) and normal saline (0.9% NaCl) respectively. 0.1 ml of raw milk, breast milk and saline water was added to the wells respectively. Each sample was tested in duplicate along with cow milk and normal saline. All the plates were incubated in upright position at 37°C for 24 hours. Next day, zone of inhibition were measured.
Effect of lactation period on anti-bacterial efficacy of human breast milk
The effect of different lactation age on the antibacterial efficacy of breast milk was evaluated using samples collected from mothers of three different lactation ages. The breast milk form 4 month post-partum (BM-4) and breast milk post-1 year referred as BM-12 were used. Three samples each of BM-4 and BM-12 were used in the study. The antibacterial effect of all the samples was determined by agar well diffusion assay as explained above.
Effect of storage on anti-bacterial efficacy of human breast milk
Expressed milk sample (BM-4) was collected in four sterile vials respectively. Breast milk of one vial was subjected to agar well diffusion assay within one-two hour of collection. Rest of the vials were stored at 4°C for 24 h, 48 h and 72 h respectively and labelled accordingly. At 24 h, 48 h and 72 h, the stored samples were again subjected to agar well diffusion assay respectively by the same process as described above. Zone of inhibitions were measured on next day and compared with the zones obtained by using samples of 48 h and 72 h. Similarly, cow milk samples were also processed.
Statistical Analysis
Statistical analysis of the data was performed using Microsoft Excel 2007. Most of the data are expressed as the mean ± standard 
RESULTS
A total of two strains of S.aureus and two strains of CoNS were isolated (Table-I ). All the strains were gram positive cocci in bunches and catalase positive. S.aureus strains gave a golden yellow colonies on nutrient agar. They were coagulase positive and showed mannitol fermentation. The colonies seen on selective media i.e Mannitol salt agar (MSA) exhibited change in colour to yellow confirming positive mannitol fermentation. The other two strains exhibited no change in color with non-mannitol fermentation on MSA plates.
Evaluation of anti-bacterial effect of breast milk against five test strains
Human breast milk (4 month post-partum) was evaluated for its anti-bacterial effects using agar well diffusion assay against two strains of The results are depicted in Fig.1 . Human breast milk was far more superior in its anti-bacterial effect seen (in terms of zone diameter) than cow milk against all the five strains tested. Breast milk showed the largest zone diameter for S.aureus (3.5 cm) followed and CoNS and E.coli that gave an average zone diameters of 3.0 cm and 2.4 cm respectively. Cow milk showed negligible activity against all the test strains.
Effect of lactation period on the anti-bacterial properties of human breast milk
Results showed significant anti-bacterial activity (measured as mean zone of inhibition) against test strains i.e (isolated from spoiled food sample).BM-4 showed higher inhibition against all the strains in the agar well diffusion assay (as seen Fig.2 ).Cow milk showed negligible zones. Equal volumes of normal saline (0.85%) NaCl) was used as negative control showing no zone of inhibition.
As can be seen in the graph below, BM-4 breast milk showed a mean zone diameter of 3.5 cm against S.aureus strains and >3 cm against CoNS strains. There was more than two fold increase in the zone diameters with BM-4 as compared to BM-12 against the strains tested. Also, a significant increase from 1.6 cm (BM-12) to 2.5 cm (BM-4) was obtained against E.coli tested. Fig.3 clearly indicates the significant increase in the zone diameters (in cm) of BM-4 as compared to BM-12 against all the four strains tested. Although there was less activity with BM-12 milk , but still it indicates that even late lactation milk has enough anti-bacterial properties to protect babies beyond 1 year and toddlers as well.
Effect of storage on anti-bacterial activity of human breast milk
In an attempt to study the effect of storage of breast milk on its anti-bacterial properties, breast milk was sampled and distributed into four aliquots and stored at 4°C.The first was processed immediately within 2 h of sampling, the second was processed after 24 h, 48 h and 72 h respectively.
The pictoral representation of zone diameters is shown in Fig. 4 , indicates the zone diameters (cm) obtained after immediate sampling and 24 h sampling. No zones were detected at 48 h and 72 h post-sampling. This indicates that breast There was an approximate 50% decrease in activity in terms of zone diameters after 24 h storage of breast milk against the three test strains.
As seen in 
DISCUSSION
The present study was aimed at evaluating the anti-bacterial properties of human breast milk against three bacterial species that are commonly associated with infections of newborns and infants. These included E.coli which is a leading cause of gastroenteritis, abdominal cramps ,and urinary tract infections, neonatal sepsis among newborns and infants. [14] [15] [16] It has also been lately associated with sudden infant death syndrome (SIDS). [17] In addition, S.aureus and coagulase negative Staphylococci (CoNS) both of which are commonly isolated from cases of skin infections. They are also the leading cause of conjunctivitis/ ocular infections, pneumonia, bloodstream sepsis and mortality among neonates especially preterm and very low birth weight infants. [18] [19] [20] These are gaining more importance in the clinical world due to the increasing prevalence of antibiotic resistant strains common in neonatal and paediatric wards. Therefore, we isolated these species from their natural habitat i.e. skin and nasal area of healthy volunteers. Two strains of CoNS and two strains of S.aureus were isolated (skin and nasal samples) and characterized.
The antibacterial effect of sampled breast milk was assessed on the basis of agar well diffusion assay. Since cow milk is considered the easy to digest milk choice for infants (in cases where breastfeeding is not possible or it is not done); therefore freshly drawn cow milk was collected and used as control. Results clearly depicted that breast milk (4 months post partum) was highly superior (in terms of zone diameter) against all the test strains . Cow milk was not able to show any clearance zone against bacteria. Breast milk displayed biggest zone against S. aureus and CoNS followed by E. coli.
Antibacterial effect of human breast milk is attributable to many components present in the milk. Antimicrobial peptides present in breast milk include lactoferrin, alpha defensins, beta defensin, lysozyme, lacto-peroxidase. In addition, immunological factors such as complement, immunoglobulins also contribute to bacterial phagocytosis and killing action. Avery and Gordon, [21] studied the opsonic components of breast milk responsible for phagocytosis of surface-adherent Staphylococcus aureus by human polymorphonuclear leukocytes. Results showed that there was significantly greater phagocytosis of bacteria pre-opsonized with 100% breast milk than of unopsonized bacteria. Hancock et al. [22] also delineated the possible role of xanthineoxidase (abundant in human milk) as a potential antibacterial components involved in generation of nitric oxide that kills bacteria. Recently, workers have also reported the antibacterial and anti-biofilm role of human milk Oligosaccharides(HMOs) against Gram positive pathogens. [23] Study has showed that the concentration at which betadefensin showed antimicrobial activity against enteropathogens and nosocomial strains is the same as human milk's, highlighting its physiological function. [24] All these factors contribute towards greater antibacterial activity of breast milk essential for infants protection.
Further, the effect of lactation period on the antibacterial activity against the test strains was performed. The concentrations of total and specific components of human breast milk vary between mothers, based on infant's gestational age, and over the course of lactation. [25, 26] Baricelli et al. [24] reported higher anti-microbial peptide (AMP) and beta-defensin levels in colostrum and a progressive decline with the lactation age. Castellote et al. [27] reported that the concentration of immune factors in colostrum samples is richer than both transitional and mature milk. Our results also support this as it clearly indicate that BM-4 exhibit greater zone of clearance for all five test strains as compared to BM-12.
Certain lactating mother who are either working or find it difficult to breastfeed often pump the milk and refrigerate it for later consumption whenever the babies required . Hence, experiment was conducted to study the effect of storage on antibacterial properties of breast milk .It was found that breast milk retained its antibacterial properties on 24 h storage but had negligible activity on 48 h of storage. Our results are in line with the finding of Marrtinez-Costa and co-workers, [28] who reported that human milk possessed bactericidal activity that remained stable during the first 48 hours of refrigerated storage, but thereafter showed a significant decline beyond 72 hours. Another study showed that expressed breast milk displayed little change in the immunological components even after 72 h of storage at 4°C. [29] Hanna et al. [30] who studied the effect of storage on the antioxidant effect of breast milk also clearly stated that in order to preserve the antioxidant activity of human milk, storage time should be limited to 48 hours. Takci et al. [31] also reported that breast milk stored at 4°C for 24 h in Pyrex containers did not show significant decline in antibacterial potential emphasizing on the choice of storage containers used for storage.
The present study has emphasised on the antibacterial efficacy of breast milk. It clearly indicates that breast milk is significantly superior over cow milk. Further, age of lactation affects the antibacterial potency although breast milk 12 months post-partum also retained significant activity. Also, refrigerated storage upto 24 h did not decrease its antibacterial effect. Future studies focusing on effect and mechanism of human milk on different clinical strains especially resistant bacterial strains need to be looked into.
